Searching for Long-Period X-ray
Modulation in AXP 1E 2259+586
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Magnetars (SGR/AXP)

Soft Gamma-ray Repeater
Anomalous X-ray Pulsar

P-P Diagram
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Magnetar free precession
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Magnetar free precession

Angular momentum L
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mock data (consider motion of precession) Asymmetry axis z
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Search method

Period search

Assume period P

t > ¢

[=1 m=1,m#l

—2[N+2 2 costkey = ko)

_ Buccheri +83
N: harmonic number

N: total photon

Correction of modulation T

, . 2mt,
t, =t,—AsIn = W

A:. amplitude caused by precession
T. modulation period Y. phase
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Previous studies on modulation

Makishima +14,16,19,21,24

Target Instrument P(s) T(ks)

4U 0142+61 Suzaku, NuSTAR 8.7 55.0

1E 1547.0-5408 | Suzaku, NUSTAR 2.1 36.0

SGR 1900+14 Suzaku, NuSTAR 5.2 40.5

SGR 1806-20 ASCA 7.5 16.4
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AXP 1E2259+586 data feature

NuSTAR: 3-79 keV, broad band X-ray Observatory

obsid: 30001026002

0.036 0.11 0.25 0.53 11 2.2 45 9 18

Observation date

2013/04/24

2013/05/16

Exposure (s

36564

0

.
A=

59 87812

Photon counts

13583 37240
: 6.98 s
> 4.8%x 1073 g/
L 15.9x 100
: 3.2(2) kpc

obsid: 30001026007

0.073 0.22 0.51 1.1 23 46 9.2 19 37

0.083 0.25 0.58 1.2 2.6 5.2 10 21 42

8
~REFEDERR & EiE~ ARFMEIET7—2> 3w 72025 5/20



1E2259+586, spectrum, 3-79 keV, grppha min 50
tbabs*(bb+pl), IRIN*(ZE &+ power law)
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1E2259+580, light curve, 3-79 keV, binning = 500s

ounts/s
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Light curve of 1E2259+586, bolometric, FPMA+FPMB, src region
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Result

e 30001026002
and
30001026007
gives different
result of
modulation
period T

* Are peaks
real or from
noise”?
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497+570 photons

Plot for long T search_binning 10 60 250312 nharm_4 64threads 30001026002.csv
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Mock data simulation

5000 Photons, pure pulse, duration=40ks

pulse low nomod N5000 ROp1l3 raw | best = 6.979158308 s

Sinusoidal pulse pdf
f(@d) =1+ asin(2xep)

injected
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Mock data simulation Photon counts: 4832

Z5 heat-map (phase-shift correction)
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Mock data simulation Photon counts: 308

Z4 heat-map (phase-shift correction)
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Mock data simulation Photon counts: 151

Z4 heat-map (phase-shift correction)
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Mock data simulation Photon counts: 78

Z4 heat-map (phase-shift correction)

0.9725
- 40
©.9750
n
~ 6.9775 30
©
[
£ 6.9800
(V)]
o 20
©6.9825
6.9850 10
©.9875
§) 8 10 12 14 16 18 20 2 /
T _mod trial (ks) , : t,
=1t —Asin(—— —y)
16 T

~rhiEFE DAl & BiE~ HREE(ET—0 > 3 v 72025 5/20



Mock data simulation Photon counts: 43

Z4 heat-map (phase-shift correction)
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Sum mary Github: Magnetar_modulation_mock_analysis

e 1E2259+586 has 2 different possible Angular momentum L

I’ . in 2 observe data which are ~9 ks

m Asymmetry axis z
and ~27 ks (Af ~ 1 month) /
* Developing mock data analysis to
determine the reliability of modulation %%"
analysis

e (Going to apply geometric model to fit

the observation
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